Two strains, 4G-K17
The Acidobacteria are found worldwide and in great number, but are little described phylogenetic groups of the domain Bacteria [1, 2] . The phylum has been divided into 26 phylogenetically defined subdivisions [3] , of which subdivisions 1, 2, 3, 4 and 6 were detected most abundantly in soil environments [1, 4] . The genus Edaphobacter, a member of subdivision 1, was established by Koch et al. [5] based on two bacterial strains isolated from alpine and forest soils. So far, Edaphobacter aggregans Wbg-1 T , Edaphobacter modestus Jbg-1 T [5] and Edaphobacter dinghuensis DHF9 T [6] have been validly published. Members of Edaphobacter are non-spore-forming, short, ovoid rods that do not form a capsule and stain Gram-negative. Cells multiply by binary fission and form circular, beige colonies on agar plates. Fermentation or anaerobic growth with nitrate are not detected.
Dinghushan Biosphere Reserve (DHSBR) lies in central Guangdong Province, China (112 31¢ E 23 10¢ N). The mean annual temperature and rainfall are 21 C and 1927 mm, respectively [7, 8] . A survey based on analysis of a 16S rDNA clone library showed that Acidobacteria dominated in the soil bacterial communities of DHSBR [9] . Recently, two strains, 4G-K17
T and 4G-K15, were isolated from the forest soils of DHSBR. The 16S rRNA gene analyses suggested that they belonged to the genus Edaphobacter. The aim of this study was to elucidate the taxonomic position of these two strains using a polyphasic approach.
The bacterial strains, 4G-K17
T and 4G-K15, were isolated from the upper layer (0-25 cm) of forest soil of DHSBR by using GYS agar medium (consisting of abundant mineral base, 15 mM glucose and 0.03 % (w/v) yeast extract solidified with 1.5 % agar, pH 5.0) using the following protocol [10] . The soil sample was suspended in 100 mM phosphate buffered saline and the suspensions were 1/10 diluted three times and then plated on GYS agar. A single colony obtained after incubation at 28 C for 2 weeks was then subcultured three times to obtain a pure culture and then stored in 25 % (v/v) glycerol in a freezer at À80 C. In order to improve the growth rate of the two strains, the following media, all with a pH of 5.0, were tested: MM1F (0.04 g MgSO 4 Á7H 2 O, 0.02 g CaCl 2 Á2H 2 O, 0.05 g yeast extract, 0.5 g fructose, 15 g agar in 1 l distilled water), tryptic soy agar (15.0 g pancreatic digest of casein, 5.0 g papaic digest of soybean, 5.0 g sodium chloride, 15.0 g agar in 1 l of distilled water), nutrient agar (5.0 g pepton, 30.0 g beef extract, 5.0 g NaCl, 15 .0 g agar in 1 l of distilled water), HD (1 : 10 diluted) [5] , GYS agar and MacConkey agar (17.0 g peptone, 3.0 g proteose peptone, 5.0 g bile salts, 5.0 g sodium chloride, 10.0 g lactose, 0.001 g crystal violet, 0.025 g neutral red, 15.0 g agar in 1 l of distilled water) medium. The results showed that 1 : 10 diluted HD medium provide optimal growth for both strains examined among all medium tested. The reference strains, E. dinghuensis DHF9 T (from this laboratory) and E. modestus Jbg-1
T and E. aggregans Wbg-1 T (both purchased from DSMZ) used in this study were cultured on the same media under the same conditions. Catalase activity was determined by assessing bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was detected by using 1 % (w/v) tetramethyl-p-phenylenediamine. Enzyme activity profiles, urease hydrolysis and the indole production test were analysed with API 20 NE and API ZYM kits (bioM erieux). The assimilation of single carbon sources and other physiological and biochemical characteristics were tested using the API 20 NE and API 50 CHB/E galleries (bioM erieux) according to the manufacturer's instructions.
Cell biomass of strains 4G-K17
T and 4G-K15 for chemotaxonomic analyses such as cellular fatty acid and DNA extraction was obtained from cultures grown on 1 : 10 diluted HD medium plates for 2 weeks at 28 C. For fatty acid analysis, 40 mg bacterial cells were harvested and the fatty acid methyl esters were obtained by saponification, methylation and extraction using the method of Kuykendall et al. [11] . Fatty acid methyl esters mixtures were separated by gas chromatography and determined using the Sherlock Microbial Identification System (MIDI). Polar lipids were extracted and identified by two-dimensional thin-layer chromatography using previously described procedures of Minnikin et al. [12] .
For analysis of the 16S rRNA gene sequence, bacterial genomic DNA of 4G-K17
T and 4G-K15 was extracted using a commercial bacterial genomic DNA extraction kit (Omega Bio-Tek). Universal primers 27F and 1492R [13] were used for the amplification of the 16S rRNA gene. The PCR amplifications were carried out by using the protocol reported by Wang et al. [6] . The full sequence of the 16S rRNA gene was compiled by using the MEGA5 program [14] and has been submitted to GenBank. Phylogenetic analysis was carried out using the MEGA5 program. Neighbour-joining (NJ), maximum-parsimony (MP) and maximum-likelihood (ML) phylogenetic trees with 1000 bootstrap replications were reconstructed using MEGA5. The similarity and pairwise distance values were calculated using MegAlign software (DNASTAR). The G+C content was determined using reversed-phase high-performance liquid chromatography as described by Mesbah et al. [15] .
On 1 : 10 diluted HD medium, strains 4G-K17
T and 4G-K15 formed light beige, mucous, raised, smooth and circular colonies, which are typical phenotypic properties of the genus Edaphobacter. The colonies were composed of Gram-stainnegative, aerobic, non-spore-forming, non-capsule-forming and non-motile short-rod cells. The Gram-negative cell-wall structure was confirmed by transmission electron microscopy of cells harvested at the exponential growth phase (Fig.  S1 , available in the online Supplementary Material). Similar to E. modestus Jbg-1
T and E. aggregans Wbg-1 T , thin extracellular fibres and tubular structures were revealed in strain 4G-K17
T . Strains 4G-K17 T and 4G-K15 both grew at 10-42 C with optima of 28 C. Growth of these two strains was observed at pH values of 3.0-7.0, with optimal ranges of 4.0-5.5 and 3.5-5.5, respectively, which is slightly lower than that of the described species of the genus Edaphobacter (Table 1) . Strains 4G-K17
T and 4G-K15 did not grow at NaCl concentrations higher than 2.5 and 3.0 %, respectively. Capsules were not observed for either of them after staining with safranine or ink. Detailed physiological and biochemical characteristics of strains 4G-K17
T and 4G-K15 are given in Table 1 . The carbon sources tested and their effects on growth are given in the species description and are shown in Table 1 . Similar to E. modestus Jbg-1
T and E. aggregans Wbg-1 T , strains 4G-K17 T and 4G-K15 had poor capacities to utilize amino acids, and sugars were their preferred growth substrates. T only. The topology of the 16S rRNA gene sequence phylogenetic trees generated by the ML algorithm (Fig. 1) showed that strains 4G-K17
T and 4G-K15 formed a major monophyletic clade with E. dinghuensis DHF9
T , E. aggregans Wbg-1 T and E. modestus Jbg-1 T , which means these two strains lie within the radiation of the genus Edaphobacter in subdivision 1.
They are phylogenetically related most closely to E. aggregans Wbg-1 T , with sequence similarities of 97.1 and 97.4 %, respectively. Strains 4G-K17
T and 4G-K15 also displayed 94.5-95.4 % 16S rRNA gene sequence similarities to members of the genus Terriglobus, 94.4-94.6 % to Bryocella elongata SN10 T and 95.5-95.8 % to members of the genus Granulicella.
The topologies of phylogenetic trees generated by using the NJ and MP algorithms were very similar to that of the ML tree, which supported the conclusion that strains 4G-K17 T and 4G-K15 lie within the radiation of the genus Edaphobacter. The similarity of 16S rRNA gene sequences between strains 4G-K17
T and 4G-K15 and the type strains of three closely related described Edaphobacter species ranged from 
% (between 4G-K17
T and E. dinghuensis DHF9 T ) to 97.4 % (between E. aggregans Wbg-1
T and E. modestus Jbg-1 T ) (Table S1 ). The evolutionary distances between strains 4G-K17 T , E. dinghuensis DHF9 T , E. aggregans Wbg-1 T and E. modestus Jbg-1 T were 3.0-4.0, which were higher than that between the closely related described species of the genus, such as E. aggregans Wbg-1
T and E. modestus Jbg-1 T (2.1) ( Table S1 ). The sequence similarities and evolutionary distances among these five strains in genus Edaphobacter are given in Table S1 .
The DNA G+C content of strains 4G-K17 T and 4G-K15 were 57.6 and 57.2 mol%, respectively, which is slightly higher than the values reported for published species of Edaphobacter (55.8 and 56.9 mol%) [5] .
The cellular fatty acid profiles of isolates 4G-K17
T and 4G-K15 and related strains are presented in Table 2 . The major fatty acids in strains 4G-K17
T and 4G-K15 were iso-C 15 : 0 (41.2-44.9 %), C 16 : 0 (12.6-17.3 %) and iso-C 16 : 1 !7c and/or C 16 : 1 !6c (20.2-21.2 %). High amounts of iso-C 15 : 0 and C 16 : 1 !7c are typical for genus Edaphobacter and the closely related genera Terriglobus, Bryocella and Granulicella. However, the presence of some unique fatty acids (such as iso-C 13 : 0 ; 6.3-7.1 %) distinguish them from the described species of the genus Edaphobacter. The major polar lipids of strains 4G-K17
T and 4G-K15 were phosphatidylethanolamine, several unidentified phospholipids, an unidentified glycolipid and several unidentified aminophospholipids and phospholipids (Fig. S2) .
In summary, strains 4G-K17
T and 4G-K15 possessed a number of characteristics that clearly distinguished them from other members of the genus Edaphobacter ( Table 1) .
The results of investigations of cell morphology and NaCl tolerance indicate that strains 4G-K17
T and 4G-K15 are different from all other currently described members of this genus. The different G+C content of genomic DNA and the presence of iso-C 13 : 0 distinguish the novel strains from their nearest phylogenetic relative, E. aggregans Wbg-1
T . The activity of a-glucosidase distinguished the isolates from members of the genus Edaphobacter. On the basis of the physiological, phylogenetic and genetic characteristics of strains 4G-K17
T and 4G-K15, we propose that they represent a novel species of the genus Edaphobacter, for which the name Edaphobacter acidisoli sp. nov. is proposed.
DESCRIPTION OF EDAPHOBACTER ACIDISOLI SP. NOV.
Edaphobacter acidisoli (a.ci.di.so¢li. L. adj. acidus acidic; L. neut. n. solum soil; N.L. gen. neut. n. acidisoli of acidic soil).
Cells are Gram-stain-negative, aerobic, non-spore-forming, non-capsule-forming and non-motile rods (1.1-1.5Â0.3-0.5 µm). Colonies are light beige, mucous, raised, smooth, circular colonies with entire margins after 2 weeks incubation on 1 : 10 diluted HD medium at 28 C. Cells multiply by binary fission. The conditions for growth are 10-42 C (optimal 28 C), pH 3.0-7.0 (optimal 4.0-5.5) and with 0-2.5 % (optimal 0-1.5 %, w/v) NaCl. Positive results are observed in tests for oxidase and catalase activity, and negative for indole production and glucose fermentation. Nitrate is not reduced to nitrite. Enzyme activity is positive for alkaline phosphatase, esterase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, a-galactosidase, b-glucuronidase, bgalactosidase, naphthol-AS-BI-phosphohydrolase, a-glucosidase, b-glucosidase, a-mannosidase, N-acetyl-b-glucosaminidase, a-fucosidase and urease, but negative for esterase (C4) and lipase (C14). Table 2 . Cellular fatty acid profiles of strains 4G-K17
T , 4G-K15 and the type strains of the described species of Edaphobacter All data were obtained from this study. All strains were grown on 1 : 10 diluted HD medium at 28 C for 2 weeks. Values are percentages of total fatty acids; À, not detected or <1 % of total fatty acid content. Major components (!10 %) are highlighted in bold. 
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